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Siemens applicators. For Siemens Primus with an applicator 
size of 10x10cm², this peak reaches 2.3%, 1%, 0.9% and 1.3% 
of the maximum central axis dose (Dmax) for 6,9,12 and 
18MeV electron beams, respectively, doubled for 6x6cm² 
field size. For Siemens Oncor, with the above applicator size, 
this peak dose reaches 0.8%, 1%, 1.4% and 1.5% of Dmax for 
6,9,12 and 14 MeV, respectively, doubled for 20x20cm². In 
contrast for Varian 2300C/D, the doses at 15cm from field 
edge are 0.3%, 0.5%, 0.6% and 1.1% of Dmax for 6, 9, 12 and 
18MeV, respectively. No peak dose spot is evidenced for 
Varian applicator. Measurements made at 10cm depth show 
that, depending on beam energy, applicator size, collimator 
size, and out-of-field distance, the peripheral dose 
represents 0.01% to 1% of Dmax. 
Conclusions: This work analyzes peripheral doses for 
different electron beams energies and three different 
applicator types. It evidences that depending on beam 
energy, applicator size and type, the peak dose at 15cm from 
field edge ranges from 0.3-2.7% of the Dmax 
In certain circumstances the peripheral doses from electron 
beams may be comparable to values reported for photon 
beams. Our results should be considered in the optimization 
of treatment planning and also in studies exploring RT long 
term effects. 
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Purpose/Objective: The aim of the present study was to 
estimate the neutron dose equivalent for Elekta Precise 
LINAC operating in 15 MV photon modes for various depths 
along the center axis and out-of-fields in open fields (field 
defined using diaphragm by retracting back the MLC from the 
radiation fields) and IMRT fields (field size defined using 
multileaf collimators).  
Materials and Methods: All the irradiations were performed 
using 15MV photon beams form ELEKTA Precise medical linear 
accelerator (Elekta AB, Stockholm Sweden) equipped with 80-
leaf multi leaf collimators (MLC). Measurements were 
performed using CR-39 (Columbia Resin) PADC (poly(allyl 
diglycol carbonate)) track etch detector (Intercast Europe 
srl,Italy) with 1' x 1' size and 1.5 mm thickness engraved code 
on the better side formulation 0.1 % DOP . The chemical 
etching of the dosimeters consists of 30 min pre-etching, 
employing a mixture of 6.25 N 40 % KOH (Potassium 
hydroxide) water solution and 60% ethyl alcohol, followed by 
8 - 10 hours etching in 6.25 N KOH water solutions at 700 C. 
The irradiation area is 10 x 10 cm2, 20 x 20 cm2, 30 x 30 cm2 
and 40 x 40 cm2 open fields for source to surface distance 
(SSD) was 100 cm. The LINAC was set to deliver 200 cGy at 
the point of maximum dose depth (dmax), and this was done 
at a rate of 400 MU/min. The readings were taken for open 
field irradiation and for fields defined using MLC.  
Results: Table 1 shows the neutron dose equivalence for 10 x 
10 cm2 open and fields defined using MLC for various depths 
along the center axis of the beam. 200 cGy was prescribed at 
dmax for all the measurements and the neutron dose 
equivalence shown was for the mSv per Gy. Fast neutron dose 
equivalence was found higher at the surface along the center 
axis (1.5 mm depth, which is the thickness of the film used). 
CR-39 films were placed in the surface along the center axis 
for all further studies. Neutron dose equivalence for different 
field sizes were studied for open and fields defined using MLC 
is shown in table 2.  
Table 1: Neutron dose equivalent in mSv per Gy of photon 
dose at different depths for an open field and for field size 
defined using MLC. 
 
Depth of measurements (cm) Neutron dose equivalence (mSv/Gy) 
Open field 
Mean ± Std. deviation (SD) 
MLC field 
Mean ± SD 
Surface (1.5 mm) 2.9 ± 0.35 4.8 ± 0.45 
1 2.6 ± 0.41 4.4 ± 0.23 
3.1 (dmax) 1.8 ± 0.52 3.4 ± 0.32 
5 1.2 ± 0.41 2.0 ± 0.18 
10 0.5 ± 0.2 0.6 ± 0.15 
 
Table 2: Neutron dose equivalent in mSv per Gy of photon 
dose for different field size for an open field and field size 
defined using MLC at surface. 
 
Field size (cm2) Neutron dose equivalence (mSv/Gy) 
Open field 
Mean ± SD 
MLC field 
Mean ± SD 
5 x 5 1.7 ± 0.15 3.2 ± 0.31 
10 x 10 2.9 ± 0.35 4.8 ± 0.45 
20 x 20 3.1 ± 0.18 6.3 ± 0. 20 
30 x 30 3.6 ± 0.24 6.3 ± 0.52 
40 x 40 3.5 ± 0.14 Cannot open this field size 
 
Conclusions: An increase of neutrons dose was found as the 
field size increases. While the maximum neutron dose was 
found for 30 x 30 cm2 field size in open field irradiations as 
3.6 ± 0.24 mSv.Gy-1. 
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Purpose/Objective: The goal of this work is to study TNRD 
(Thermal Neutron Rate Detector) response in high and low 
energies of clinical environments, to reject the photon 
component in peripheral dose measurements where mixed 
gamma and neutron fields are present. 
Materials and Methods: Four TNRD detectors [1] and a 
Farmer PTW ionization chamber were simultaneously used to 
obtain neutron and photon doses. Measurements were 
performed in a Siemens Primus linac with 6 and 15 MV photon 
beams (300MU/min) using a 40x10 cm2 field. One minute 
irradiation times were used with both detectors placed in the 
middle of an 8 cm methacrylate block under out-of-field 
geometries (see figure). The study was carried out for 9 
different field edge-detector distances, which meant photon 
dose rates ranging from 0.16 to 6 cGy/min.  
 
Figure. 
 
 
Results: As expected, for each location, similar readings from 
the IC were obtained for both energies as an indication of the 
low dependence of photon peripheral doses with the energy 
[2]. An average difference of 0.26 cGy (photon dose) for IC 
readings in both energies, except for 5 cm to the field edge 
(not relevant for peripheral doses) was obtained. Neutron 
presence in 6 MV was evaluated with the SRAMnd [4] (Static 
Random Access Memory neutron detector), with a negligible 
neutron presence (~1%). These two results allowed, from the 
subtraction of the 6MV and the 15MV readings, the neutron 
component discrimination for each measured situation (see 
table with averaged values).Photon presence (6 MV) increases 
when getting closer to the field edge, which is predicted by 
the IC in accordance with TNRD readings. If we would 
establish a limit to trust TNRD neutron measurement, a noise 
(photon) lower than 10% of the signal (neutron) could be 
considered acceptable. This value is obtained 30 cm far from 
the field edge, corresponding to a photon dose around 0.5 
cGy.  
 
Table. TNRD readings for 6 and 15 MV measurements and 
neutron component (substraction of both readings), for the 9 
studied distances.  
 
Conclusions: A photon rejection uncertainty has been 
estimated for TNRD detectors under some clinical special 
conditions. Although patient measurements are perfectly 
feasible with this type of detector [3] due to the low photon 
contribution when using the methodology established for 
model generation [4], photon contribution limit should be 
studied for new detectors. Nevertheless, as we can assume 
that photon components are close for both energies, being 15 
MV one at least as that of 6 MV, a good approximation to 
obtain more precise neutron doses, would be the subtraction 
of signals (corresponding to measurements at 6 and 15 MV 
under the same conditions), as shown in the table. This 
would allow having reliable neutron measurements much 
closer than 30 cm to the field-edge (e.g. 10-15 cm). 
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Purpose/Objective: To assess the radiation dose to the fetus 
of a pregnant patient undergoing high-dose-rate (HDR) 192Ir 
interstitial breast brachytherapy, and to design a new patient 
setup and lead shielding technique that minimizes the fetal 
dose. 
Materials and Methods: The pregnant woman was planned to 
be seated in a chair with the breast over a table and inside a 
leaded box specifically designed to protect the fetus. A total 
of 36 Gy in 8 fractions were prescribed. The shielding design 
is shown in the Figure. It consisted of a 3.5 cm thick layer of 
